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PURPOSE: To suppress the exhaust amount of a 
nitrogen oxide at a low value whatever operating 
condition the engine has, while maintaining the fuel 
consumption and the running condition in a good shape. 
CONSTITUTION: A flow regulating valve 25 to regulate 
the flow amount of a gaseous fuel to a rotary piston 
engine which uses hydrogen as a part of or all the fuel, 
and a control unit (ECU) 27 to control the air-fuel ratio 
according to the loading condition of engine have been 
provided. This air-fuel ratio control device has an engine 
operating scope in the air-fuel ratio larger than the NOx 
maximum air-fuel ratio in which the exhaust amount of 
NOx is made the maximum. The ECU 27 controls the 
opening of the flow regulating valve 25 to make the air- 
fuel ratio in the high rotation scope of the engine in the 
same engine load condition higher than that in the low 
rotation scope. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the air- fuel ratio control system of the hydrogen fueled engine which prepares the amount- 
of-supply adjustment device which adjusts the amount of supply to some fuels or the engine of gaseous 
fuel made all for hydrogen gas, and controls an air-fuel ratio according to an engine load condition It has 
an engine operation field in an air-fuel ratio higher than the NOx maximum air-fuel ratio from which the 
discharge of the nitrogen oxides from an engine becomes max. In this engine operation field The air-fuel 
ratio control system of the hydrogen fueled engine characterized by having the control means which 
controls the above-mentioned amount-of-supply adjustment device so that the air- fuel ratio of the high 
rotation field of the engine in the same engine load condition becomes higher than the air- fuel ratio of a 
low rotation field. 

[Claim 2] The above-mentioned control means is the air-fuel ratio control system of the hydrogen fueled 
engine according to claim 1 which is the engine operation field made into an air-fuel ratio higher than 
the above-mentioned NOx maximum air- fuel ratio, and is characterized by controlling the above- 
mentioned amount-of-supply adjustment device so that an air-fuel ratio becomes high gradually as an 
engine becomes high rotation. 

[Claim 3] The above-mentioned control means is the air-fuel ratio control system of the hydrogen fueled 
engine according to claim 1 or 2 characterized by controlling the above-mentioned amount-of-supply 
adjustment device so that an engine load becomes an air- fuel ratio lower than the above-mentioned NOx 
maximum air-fuel ratio in a heavy load region higher than a predetermined load, and controlling the 
above-mentioned amount-of-supply adjustment device so that an engine load becomes an air- fuel ratio 
higher than the above-mentioned NOx maximum air-fuel ratio in the low loading region below the 
above-mentioned predetermined load. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates hydrogen gas to the air-fuel ratio control system of the 

hydrogen fueled engine which uses the part or the gaseous fuel made all of a fuel. 

[0002] 

[Description of the Prior Art] In the exhaust gas discharged from the gasoline engine which generally 
uses a gasoline as a fuel, the injurious ingredient of nitrogen oxides NOx, a carbon monoxide CO, and 
carbonization oxygen HC is contained. These injurious ingredients will decrease, if the rate of the 
amount of air suction systems and fuel quantity, i.e., an air-fuel ratio, (or the excess air factor lambda) is 
sharply made higher than theoretical air fuel ratio (an excess air factor lambda "1.0"). However, if it is in 
the above-mentioned gasoline engine, when the above-mentioned air-fuel ratio is sharply made high and 
gaseous mixture to an engine is made very thin, there is a problem of lifting-coming to be easy of a 
misfire. Moreover, if gaseous mixture is made thin, a required engine torque will be obtained. 
[0003] The part or the hydrogen fueled engine made all of a fuel is being developed in the hydrogen gas 
which does not start a misfire even if the air- fuel ratio flammable range of gaseous mixture is very wide 
and makes gaseous mixture very thin that it should correspond to this, as shown in JP,51-34308,A. 
[0004] By the way, although a carbon monoxide CO and carbonization oxygen HC are not produced 
even if the hydrogen gas used for this kind of hydrogen fueled engine as a fuel burns, since the rate of 
combustion near theoretical air fuel ratio is very quick, combustion gas becomes an elevated 
temperature, and comparatively a lot of nitrogen oxides NOx are generated like a gasoline engine. The 
discharge of the nitrogen oxides NOx by combustion of this hydrogen gas has the more remarkably 
[ than a gasoline ] large inclination of the discharge fall of nitrogen oxides NOx to the concentration fall 
of gaseous mixture, although an excess air factor lambda becomes max with a value a little higher than 
the value (theoretical air fuel ratio) used as "1.0" as shown in drawing 5 . For this reason, if it is in the 
above-mentioned hydrogen fueled engine, it enables the fall of an engine torque to choose the value of a 
comparatively small air- fuel ratio low [ the discharge of nitrogen oxides NOx ] enough. 
[0005] 

[Problem(s) to be Solved by the Invention] however — if an engine engine speed becomes high in the 
above-mentioned hydrogen fueled engine — the gaseous mixture at the time of ignition ~ since a flow 
becomes quick and the rate of combustion speeds up, even if it makes gaseous mixture thin so that an 
engine becomes high rotation, the discharge of nitrogen oxides NOx will not fall. For this reason, when 
an engine is low rotation and an engine becomes high rotation even if the discharge of nitrogen oxides 
NOx is the value of the air-fiiel ratio which becomes low enough, the problem that the discharge of 
nitrogen oxides NOx becomes high arises. 

[0006] Keeping good fuel consumption and performance-traverse ability in view of the above- 
mentioned situation, even if this invention is the operational status of what kind of engine, it aims at 
offering the hydrogen fueled engine which can stop the discharge of the nitrogen oxides in exhaust gas 
low. 
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[0007] 

[Means for Solving the Problem] In order that this invention may attain the above-mentioned purpose, 
the amount-of-supply adjustment device which adjusts the amount of supply to some fuels or the engine 
of gaseous fuel made all for hydrogen gas is prepared. In the air- fuel ratio control system of the 
hydrogen fueled engine which controls an air- fuel ratio according to an engine load condition It has an 
engine operation field in an air- fuel ratio higher than the NOx maximum air-fuel ratio from which the 
discharge of the nitrogen oxides from an engine becomes max. In this engine operation field It has the 
control means which controls the above-mentioned amount-of-supply adjustment device so that the air- 
fuel ratio of the high rotation field of the engine in the same engine load condition becomes higher than 
the air-fuel ratio of a low rotation field. 

[0008] Moreover, the above-mentioned control means is the engine operation field made into an air- fuel 
ratio higher than the above-mentioned NOx maximum air- fuel ratio, and it is desirable [ the control 
means ] to control the above-mentioned amount-of-supply adjustment device so that an air-fuel ratio 
becomes high gradually as an engine becomes high rotation. 

[0009] Furthermore, as for the above-mentioned control means, it is desirable to control the above- 
mentioned amount-of-supply adjustment device so that an engine load becomes an air-fuel ratio lower 
than the above-mentioned NOx maximum air- fuel ratio in a heavy load region higher than a 
predetermined load, and to control the above-mentioned amount-of-supply adjustment device so that an 
engine load becomes an air- fuel ratio higher than the above-mentioned NOx maximum air-fuel ratio in 
the low loading region below the above-mentioned predetermined load. 
[0010] 

[Function] If an engine rotational frequency becomes high and becomes a high rotation field in the state 
of the same engine load when the engine is operated with the air- fuel ratio higher than the NOx 
maximum air-fuel ratio from which the discharge of the nitrogen oxides from an engine becomes max 
according to the above-mentioned configuration, the discharge of nitrogen oxides will be controlled by 
adjusting the amount of supply of the gaseous fuel to an engine so that an air-fuel ratio may become 
higher than the air- fuel ratio of a low rotation field. 

[001 1] Moreover, in the engine operation field made into an air- fuel ratio higher than the NOx 
maximum air- fuel ratio, change of the engine torque to change of the engine number of rotations can be 
made small by making an air-fuel ratio high gradually as an engine becomes high rotation. 
[0012] Furthermore, the amount of supply of the gaseous fuel to an engine is adjusted so that it may 
become an air-fuel ratio lower than the NOx maximum air- fuel ratio in a heavy load region, and while 
an engine torque high in a heavy load region is obtained by adjusting the amount of supply of the 
gaseous fuel to an engine so that it may become a high air- fuel ratio from the NOx maximum air-fuel 
ratio in a low loading region, the discharge of nitrogen oxides is controlled in a low loading region. 
[0013] 

[Example] The example of this invention is explained based on a drawing. Drawing 1 and drawing 2 
show the hydrogen fueled engine whole structure equipped with the air- fuel ratio control system by one 
example of this invention, and the hydrogen fueled engine of this example is a rotary piston engine. 
Moreover, in this example, only hydrogen gas is used as gaseous fuel. 

[0014] By having Rota 3 of the shape of an abbreviation triangle which has the cylinder constituted with 
the Rota housing 1 and side housing located in those both sides, among those **** three actuation 
rooms 2 to the direction, carrying out bearing of this Rota 3 to an eccentric shaft 4, and carrying out 
eccentric rotation, each actuation room 2 carries out volume change, and this rotary piston engine 
performs an Otto cycle. If it is in the rotary piston engine of 2 Rota, on both sides of side housing 
(INTAMIDI eight housing) of the mid-position, a cylinder is formed before and after that, and Rota 3 is 
arranged in each at the way. In addition, drawing 1 develops and shows two cylinders after [ expedient ] 
plotting. 

[0015] The suction port 6 which supplies air to side housing is formed in the location facing the 
actuation room 2 like an inhalation-of-air line. Air is led to this suction port 6 through the inhalation-of- 
air path 7, and while the throttle valve 8 which operates with a step motor 9 is formed, the air flow meter 
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10 grade for an air cleaner (illustration abbreviation) and inhalation air content (air fill) detection is 
arranged in this inhalation-of-air path 7. Moreover, the exhaust air port 1 1 is formed in the Rota housing 
1 in the location facing the actuation room 2 like an exhaust air line, and the flueway 12 is connected to 
this exhaust air port 1 1 . Moreover, the ignition plug 13 is attached in the Rota housing 1 in the location 
facing the actuation room like an explosion line. 

[0016] Moreover, in order to supply the pressurized hydrogen gas in a cylinder, it has the hydrogen port 
(port for gaseous-fuel supply) 15 which carries out opening into the actuation room 2 separately [ the 
above-mentioned suction port 6 ], and this hydrogen port 15 is established in a location which carries 
out opening to the actuation room 2 from the middle to the compression stroke middle like an 
inhalation-of-air line. The fuel-supply path 17 to which the hydrogen gas from the metal hydride tank 
(henceforth MH tank) 16 is led is formed to this hydrogen port 15. Hydrogen is emitted to the fuel- 
supply path 17 by heating the hydrogen storing metal alloy of the MH tank 16 by the cooling water by 
which that interior is equipped with occlusion and the hydrogen storing metal alloy which can be 
emitted, the path, cooling water path, and heating water path (illustration abbreviation) for hydrogen 
restoration are arranged to this MH tank 16 in hydrogen inside, and the above-mentioned MH tank 16 is 
supplied from an engine engine water jacket. 

[0017] This pressure regulator 18 regulates the pressure of the hydrogen gas supplied from the MH tank 
1 6 to a moderate pressure by forming a pressure regulator 18 in the upper section of the above- 
mentioned fuel-supply path 17, for example, the pressure is regulated in abbreviation 5 atmospheric 
pressure (three to 7 atmospheric pressure). Moreover, the down-stream edge of the fuel-supply path 17 
is connected to the above-mentioned hydrogen port 15 through the timing valve 20. This timing valve 20 
performs fuel supply to predetermined timing synchronizing with engine actuation, and has the poppet 
valve 21 which opens and closes the free passage part between the above-mentioned hydrogen port 15 
and the fuel-supply path 17, and closing motion actuation is carried out by the cam by which this poppet 
valve 21 was formed in the cam shaft 22 for a timing valve drive. It carries out synchronous rotation 
with an eccentric shaft 4 by coordinating with an eccentric shaft 4 the pulley 23 provided in the end side 
through a timing belt 24 while bearing of the above-mentioned cam shaft 22 is carried out to housing 
pivotable. 

[0018] And while the timing of the suction-port closing motion accompanying rotation of Rota 3 is set 
up so that a suction port 6 may be opened near a top dead center and may be closed near a bottom dead 
point, the closing motion timing is set up so that the timing valve 20 may be opened at the 
predetermined period of the compression stroke first half after a suction port 6 closes. Thus, if hydrogen 
gas with a large floor area ratio is inhaled in an air charging stroke, while the inflow of air becomes is 
easy to be checked, the timing valve 20 is opened from the time of a suction port 6 closing and 
inhalation of air being completed, and supply of hydrogen gas is made to be started, because there is 
concern which the backfire by the outflow of the hydrogen gas by the side of an inhalation-of-air path 
produces. 

[0019] The flow control valve 25 is arranged in the middle of the above-mentioned fuel-supply path 17. 
This flow control valve 25 operates with the electric actuator 26 which operates according to the control 
signal from a control unit (ECU) 27, for example, a step motor. This ECU27 has memory 271 and the 
flow rate control means 272. The detecting signal from pressure-sensor 30 grade which detects the 
pressure in the fuel-supply path 17 of the lower stream of a river of the above-mentioned air flow meter 
10, the accelerator opening sensor 28 which detects accelerator opening (control input of an accelerator 
pedal), the rotational frequency sensor 29 which detects an engine speed, and a pressure regulator 18 is 
received. While controlling to respond the opening (air fill) of a throttle valve 8 to accelerator opening 
with the control signal outputted to a step motor 9, a flow control valve 25 is controlled by the control 
signal outputted to a step motor 26. 

[0020] The excess air factor lambda (or air-fiiel ratio) from which the above-mentioned memory 271 is 
selected according to an air fill and an engine speed is beforehand memorized as a map ( drawing 3 ). 
The above-mentioned flow rate control means 272 calculates the opening (or the amount of step motor 
drives corresponding to that opening) of a flow control valve 25 from the value of the excess air factor 
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lambda called for on this map, and outputs a control signal to a step motor 26 that a flow control valve 
25 should be controlled to respond to this opening. 

[0021] Next, the control action of a flow control valve 25 performed by the above ECU 27 is explained 
using the map of drawing 3 , and the flow chart of drawing 4 R> 4. The map of drawing 3 is divided into 
A zone corresponding to the heavy load field where an engine load is expensive, and B zone 
corresponding to the low loading field where an engine load is low. The above-mentioned A zone is a 
field where accelerator opening sets up the value of the excess air factor lambda in 90% or more of 
heavy load condition. In this A zone, it considers as the value of the excess air factor lambda lower than 
the value of the excess air factor lambda from which the discharge of nitrogen oxides NOx serves as 
max, for example, is set as abbreviation "1.0." In addition, A zone makes the full load condition WOT 
the upper limit. 

[0022] Accelerator opening is the field which sets up the value of the excess air factor lambda in less 
than 90% of low loading condition, and the above-mentioned B zone is made into the value of the 
excess air factor lambda higher than the value of the excess air factor lambda from which the discharge 
of nitrogen oxides NOx serves as max, for example, is set up in this B zone more than "1.5." Moreover, 
in this B zone, it is set up so that the value of an excess air factor lambda may become high gradually 
with the rise of an engine speed, and the fall of an engine load. That is, by Rhine Bl, B-2, B3, and B4 
showing the operational status by which the value of an excess air factor lambda is set to "1.6", "1.8", 
"2.0", and "3.0", respectively, each Rhine Bl - B4 are displaced to a heavy load side (side to which an 
air fill becomes large), so that an engine speed becomes high rotation, and it becomes the order of Bl, 
B-2, B3, and B4 from an upper left side, following - etc. - if Rhine C and D which shows the condition 
of a load is met, as for the high rotation side, the value of an excess air factor lambda has become 
gradually high. 

[0023] Thus, abbreviation "1.0" (almost equivalent to theoretical air fuel ratio) was selected as a value of 
the excess air factor lambda in A zone because it was necessary to make the value of an excess air factor 
lambda small in order to obtain the engine torque according to this accelerator actuation at the time of A 
zone, since accelerator opening is in 90% or more of heavy load condition. Moreover, since the 
discharge of nitrogen oxides NOx serves as max at the time of a value (equivalent to the NOx maximum 
air- fuel ratio) with the value of an excess air factor lambda a little higher than "1 .0" as shown in drawing 
5 , it is also for avoiding the value of this excess air factor lambda. A required engine torque is obtained 
generating of nitrogen oxides NOx being suppressed by having selected the value "1.0" of this excess air 
factor lambda. 

[0024] In addition, the catalyst outside drawing is arranged in the flueway 12, and it is desirable to 
purify nitrogen oxides NOx in the time of a heavy load using the above-mentioned catalyst. In this case, 
when the value of an excess air factor lambda is abbreviation "1.0", in order that this common kind of 
catalyst may purify nitrogen oxides NOx most efficiently, in exhaust gas, nitrogen oxides NOx will 
almost be contained. 

[0025] Here, in B zone, higher rotation explains the reason for trying for the value of an excess air factor 
lambda to become high using drawing 5 . For example, the value of the excess air factor lambda in case 
an engine speed is 2000rpm, If the relation with the discharge of nitrogen oxides NOx becomes like a 
continuous line E and the value of an excess air factor lambda becomes more than abbreviation "1.6" 
although nitrogen oxides NOx are hardly generated, if an engine speed goes up to 4000rpm - the 
gaseous mixture at the time of ignition, since a flow becomes quick and the rate of combustion speeds 
up As shown in a two-dot chain line F, as compared with the time of the fall of the discharge of nitrogen 
oxides NOx to the increment in the value of an excess air factor lambda being the above-mentioned 
2000ipm, it becomes blunt. Therefore, when an engine speed is 4000rpm, it is because the value of an 
excess air factor lambda is made higher and it is necessary to make it not almost generate nitrogen 
oxides NOx. 

[0026] Moreover, by making an excess air factor lambda high (Lean-izing) in this way, while aiming at 
control of generating of nitrogen oxides NOx, improvement in fuel consumption is aimed at. In order to 
make small change of the engine torque at the time of the shift between A zone and B zone, the gap of 
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the excess air factor lambda in the boundary of A zone and B zone is made not to become large beyond 
the need on the other hand. 

[0027] Furthermore, it was made for the value of the excess air factor lambda of B zone to become high 
gradually for making small change of the engine torque to change of the engine number of rotations as 
much as possible, as an engine becomes high rotation and the concentration of gaseous mixture becomes 
low gradually. 

[0028] In the flow chart of drawing 4 , first, accelerator opening, an air fill, and an engine speed are read 
as input (step SI), and when it is distinguished whether the operational status of the engine at that time 
is in A zone in drawing 3 (step S2) and it is in A zone based on these input, abbreviation "1.0" is set up 
as a value of YES) and an excess air factor lambda at the (step S2 (step S3). And the above ECU 27 
calculates the opening of a flow control valve 25 from the value of this excess air factor lambda (step 
S4), and outputs a control signal to a step motor 26 that a flow control valve 25 should be controlled to 
respond to this opening (step S5). 

[0029] On the other hand, when engine operational status is in B zone, based on NO) and the above- 
mentioned input, the value of an excess air factor lambda is extracted from B zone in drawing 3 at the 
(step S2 (step S6). For example, if accelerator opening is 80% (Rhine of the two-dot chain line C of 
drawing 3 ) and an engine speed is 2000rpm, "1.8" will be set up as a value of an excess air factor 
lambda. Then, with this accelerator opening, if an engine speed goes up to 4000rpm, "3.0" will be set up 
as a value of an excess air factor lambda. 

[0030] Thus, since the value of an excess air factor lambda will be more highly set up if an engine speed 
goes up even when accelerator opening is fixed and an engine load is fixed, corresponding to slowdown 
of a discharge fall of the nitrogen oxides NOx by the rise of an engine speed, the concentration of 
gaseous mixture becomes low, and generating of nitrogen oxides NOx is suppressed. 
[0031] Moreover, in the flow chart of drawing 4 , if accelerator opening falls to 70% (Rhine of the two- 
dot chain line D of drawing 3 ) from [ above-mentioned ] 80% (Rhine of the two-dot chain line C of 
drawing 3 ) when an engine speed is 2000rpm, the value of an excess air factor lambda will become high 
from "1.8" to "2.0" (step S8). Thus, even if it is the same engine speed, he makes the value of an excess 
air factor lambda higher, and is trying to aim at reduction of fuel consumption, since it is the moderation 
time etc. and is the operational status which seldom needs an engine torque, when accelerator actuation 
is carried out so that accelerator opening may fall. 

[0032] in addition - although it is set up in the above-mentioned example so that the value of the excess 
air factor lambda of B zone may become high gradually with the rise of an engine speed, and the fall of 
an engine load — the value of an excess air factor lambda — being gradual (for example, two steps) — 
you may make it become high 

[0033] Moreover, in the above-mentioned example, although only hydrogen gas was used as gaseous 
fuel, it is not restricted to this, and ethane, a propane, town gas, etc. and hydrogen gas may be mixed and 
used. 

[0034] Moreover, this invention is applicable not only to a rotary piston engine but a recipro engine. 
[0035] 

[Effect of the Invention] The air-fuel ratio control system concerning invention according to claim 1 can 
control discharge of the nitrogen oxides from an engine certainly in the engine operation field in an air- 
fuel ratio higher than the NOx maximum air- fuel ratio, keeping good fuel consumption and 
performance- traverse ability, since the amount of supply of the gaseous fuel to an engine will be 
adjusted so that an air- fuel ratio may become higher than the air- fuel ratio of a low rotation field if it 
becomes a high rotation field in the state of the same engine load. 

[0036] Moreover, like, change of the engine torque to change of the engine number of rotations can be 
made small as much as possible by [ according to claim 2 ] making an air- fuel ratio high gradually as an 
engine becomes high rotation. 

[0037] Furthermore, like the publication to claim 3, since the amount of supply of the gaseous fuel to an 
engine is adjusted so that it may become a low air- fuel ratio from the NOx maximum air-fuel ratio in a 
heavy load region, and the amount of supply of the gaseous fuel to an engine is adjusted so that it may 
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become a high air- fuel ratio from the NOx maximum air-fuel ratio in a low loading region, while being 
able to obtain an engine torque high in a heavy load region, the discharge of nitrogen oxides can be 
controlled further in a low loading region. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the whole hydrogen fueled engine structure by one example 
of this invention. 

[Drawing 2] It is the schematic diagram showing the control network to a flow control valve etc. 
[Drawing 3] It is the map in which the relation between an air fill, an engine speed, and each zone is 
shown. 

[Drawing 4] It is the flow chart which shows the control action of a flow control valve performed by the 
control unit. 

[Drawing 5] It is the property Fig. showing the relation between the discharge of nitrogen oxides, and an 
excess air factor. 
[Description of Notations] 

8 Throttle Valve 
10 Air Flow Meter 
17 Fuel-Supply Path 
25 Flow Control Valve 

9 26 Step motor 

27 Control Unit (ECU) 

28 Accelerator Opening Sensor 

29 Rotational Frequency Sensor 

271 Memory 

272 Flow Rate Control Means 



[Translation done.] 
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DRAWINGS 



Prawing 1] 
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[Drawing 3] 



WOT 




2000rpm 4000rpm 



[Drawing 4] 



S1 




S3 
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[Drawin g 5] 



S5 
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